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ABSTRACT

PURPOSE: To generate the normative data of macular and retinal nerve fiber layer thickness for Bulgarian
population using 3D OCT 2000 - Topcon and to evaluate the effects of gender and age on these parameters.

MATERIALS AND METHODS: The 131 eyes of 67 healthy individuals aged between 16-71 years, with no
ocular disease and best corrected visual acuity of 20/20, were examined using standard scanning protocols.
The mean macular and RNFL thickness were evaluated, and the effects of age and gender on these parame-
ters were analyzed.

RESULTS: The mean retinal thickness (RT) was 275.4+11.59um, mean central foveal thickness (CFT) was
241.8+2.01pm, mean central point thickness (CPT) was 213.7+28.64pum. The macular thickness was lowest
at the fovea and maximal at the superior inner macula (308.7+13.6 pum). The mean retinal nerve fiber layer
(RNFL) thickness was 109.44+9.73um. The RNFL was thickest in the inferior quadrant (136.13+17.70pm).
There was negative but insignificant correlation between macular thickness and volume, and age. The RNFL
thickness showed significant negative correlation with age (p=0.03). CFT in females was significantly thin-
ner than in males (p=0.01).

CONCLUSIONS: Our findings provide basic data to facilitate macular and RNFL thickness analysis us-
ing 3D OCT- 2000. The normative database is important for early diagnosis and evaluation of pathological
changes in various retinal diseases and glaucoma. Our results indicate that age and gender must be consid-
ered while interpreting macular retinal thickness data
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INTRODUCTION
The introduction of optical coherence tomogra-
phy (OCT) over the past two decades makes the in-

Address for correspondence:

Assoc. Prof. Zornitsa Zlatarova MD, PhD
Medical University - Varna, Bulgaria
Department of Ophthalmology and Visual Science
Specialized Eye Hospital - Varna, Bulgaria

15 Doyran St. Varna 9002

Mob: 00359 898 532 083

e-mail: zzlatarova@abv.bg

Received: December 16, 2013
Accepted: June 4, 2014

terpretation and follow-up of retinal diseases much
easier. It is non-invasive, high-resolution technique
that produces in vivo cross-sectional images of tis-
sues that resemble histological analysis (1,2). The
spectral domain OCT (SD-OCT) has now supersed-
ed time domain OCT (TD-OCT). SD-OCT uses an
interferometer with a high speed spectrometer and
measures light echoes from all time delay simulta-
neously rather than sequentially (as in time domain
OCT device) thus performing an equivalent of 27,000
A scans/second. Recently, advances in OCT have al-
lowed measurement of the thickness of specific reti-
nal layers, which is useful for diagnosing and moni-
toring pathologic changes in various ocular diseas-
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es, including diabetic macular edema (3,4), age-relat-
ed macular degeneration (5), central serous chorio-
retinopathy, epiretinal membrane, etc. SD-OCT can
also quantify the thickness of the retinal nerve fiber
layer (RNFL) providing an objective tool to diagnose
glaucomatous axon loss and automatically measure
the combined thickness of the three innermost ret-
inal layers (RNFL, ganglion cell layer (GCL), inner
plexiform layer (IPL)), which are the most suscepti-
ble to early glaucomatous damage. Previous studies
using TD-OCT or SD-OCT in healthy eyes reported
changes in the macular and RNFL profile in relation
to factors such as age and gender (6,7,8,9). Several re-
ports suggest that the macular and retinal nerve fiber
thickness varies between ethnic groups (10).

The purpose of our study is to generate the nor-
mative data of macular and retinal nerve fiber lay-
er thickness for Bulgarian population using 3D OCT
2000 - Topcon and to evaluate the effects of gender
and age on these parameters.

MATERIALS AND METHODS

This was an observational study of the mac-
ular thickness and RNFL thickness in normal eyes
as measured by optical coherence tomography. One
single operator investigates 131 eyes of 67 healthy
volunteers. All of them underwent a complete oph-
thalmic examination including best-corrected visu-
al acuity estimation, slit-lamp examination, Gold-
mann applanation tonometry and dilated stereo-
scopic fundus examination. Exclusion criteria were
a BCVA worse than 20/20, refractive error >6.00 di-
opters sphere and/or 3.00 diopters cylinder, IOP > 21
mmHg, eyes with retinopathy due to any cause, eyes
with any characteristic glaucomatous disc change.

Patients were examined using standard scan-
ning protocols: “3D Macula 6.0x6.0mm”, “3D Disc
6.0x6.0mm” and “3D Macula(V) 7.0x7.0mm” with
3D OCT- 2000 [Topcon, Hasunuma-cho, Itabashi-
ku, Tokyo, Japan].

The 3D Macula scanning protocol was with
6.0x6.0mm volume cube scans and 512x128 pixels
scan resolution, scan depth 2.3 mm, horizontal reso-
lution 20um, longitudinal resolution 5-6 pm. Macu-
lar thickness was reported in a modified Early Treat-
ment of Diabetic Retinopathy Study, macular map
with the central subfield 1 mm in diameter and the
inner and outer subfields having diameters of 3mm

and 6mm, respectively. The mean Central Fove-
al Thickness (CFT), the mean Center Point Thick-
ness (CPT) and the mean macular volume were cal-
culated. At OCT scans central macular thickness
was determined automatically and was analyzed by
OCT software. In all OCT maps, automated mac-
ular thickness detection was performed by instru-
ment’s software analysis without manual operator
adjustment.

The RNFL thickness was measured using 3D
Disc scanning protocol with 6.0x6.0mm volume
cube scans, 512x128 pixels scan resolution, scan
depth 2.3mm, horizontal resolution 20 um, longitu-
dinal resolution 5-6 um. The RNFL thickness was
measured around the disc with 16 averaged consec-
utive circular B scans with diameter of 3.4 mm and
1024 A scans. The peripapillary RNFL thickness (av-
erage and four-quadrant values) was analyzed.

3D Macula (V) scanning protocol with
7.0x7.0mm volume cube scans and 512x128 pix-
els scan resolution allows three types of thickness-
es measuring: Nerve Fiber Layer (NFL), Gangli-
on Cell Layer (GCL) + Inner Plexiform Layer (IPL),
NFL+GCL+IPL. The average thickness of all these
layers was calculated.

Associations of macular and RNFL fiber layer
measurements with age were examined by Pearson
correlation analysis. Age stratified comparisons of all
macular and RNFL measurements between genders
were carried out using the independent sample t-test
or ANOVA. The results were considered to be sta-
tistically significant at p<0.05. All analysis was per-
formed with SPSS software, version 19.0.

RESULTS

One hundred thirty-one eyes of sixty-seven nor-
mal subjects aged between 16 to 71 years (34.86+13.81)
were evaluated. Twenty-nine of them were men -
43% and 38 were women - 57%. The mean retinal
thickness (RT) was 275.4+11.59um, mean central fo-
veal thickness (CFT) was 241.8+21.01um, mean cen-
tral point thickness (CPT) was 213.7+28.64um and
mean macular volume was 7.78+0.32 mm?. The mac-
ular thickness was lowest at the fovea and maximal at
the superior parafoveal macula (308.7+13.6um) (Ta-
ble 1).
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Table 1. Macular thickness measurements (um)

Parameter Mean
Fovea 241.83
Nasal inner macula 306.49
Temporal inner macula 292.90
Superior inner macula 308.77
Inferior inner macula 300.84
Nasal outer macula 283.57
Temporal outer macula 256.44
Superior outer macula 269.46
Inferior outer macula 264.33

SD Range
21.01 197-295
17.11 212-347
13.37 256-326
13.67 276-353
13.82 260-327
14.92 244-332
14.80 230-312
13.57 243-309
13.69 236-304

There was a negative but insignificant correla-
tion between mean RT, mean CFT, mean CPT, mean
macular volume and age (Table 2).

Table 2. Correlation between RT, CFT, CPT, macular
volume and age

Age
Characteristic r P
Mean RT (um) 2754 +11.59  0.060
Mean CFT (um) 241.8 £21.01  0.295
Mean CPT (pm) 213.7 +28.67  0.608
Mean macular volume (ul)  7.78 £ 0.32 0.062

poral quadrants (76.77+17.34pum). The RNFL thick-
ness showed significant negative correlation with
age (p=0.03). Results for mean NFL thickness,
mean thickness of GCL+IPL and mean thickness of
NFL+GCL+IPL and also their mean, minimal and
maximal thickness in superior and inferior sectors
are illustrated in Table 3. There was a negative but in-
significant correlation between these parameters and

age (p=0.88, p=0.21, p=0.14).

DISCUSSION
The various models of OCT differ in their mea-

Table 3. NFL, GCL+IPL and NFL+GCL+IPL thickness

Minimal
NFL (total) 27
NFL superior sector 26
NFL inferior sector 29
GCL + IPL (total) 59
GCL + IPL superior sector 57
GCL + IPL inferior sector 62
NFL + GCL + IPL (total) 86
NFL + GCL + IPL superior sector 89
NFL + GCL + IPL inferior sector 95

Maximal Mean thickness+SD
70 37.04+5.94
69 35.30+5.79
71 38.99+6.49
133 71.60+8.02
130 72.19+8.12
136 70.98+8.14
179 107.69+12.96
176 106.95+10.96
182 109.59+11.28

Females were found to have a significant thin-
ner fovea (CFT) as compared to males (237.12um;
247.92um - respectively, p=0,01).

The mean RNFL thickness was 109.44+9.73pum.
The RNFL was thickest in the inferior quad-
rant (136.13£17.70um), followed by superior
(128.99+15.24pm), nasal (79.26+20.71um) and tem-

surement of macular thickness due to different ret-
inal segmentation algorithms used (6, 8). Macu-
lar thickness measurements are not interchangeable
among different instruments. Our goal in this study
was to generate normative data for 3D OCT- 2000 es-
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timated macular and RNFL thickness and to estab-
lish its determinants.

OCT-estimated macular thickness has shown
variations between different ethnic groups (8).
Asians and African-Americans have thinner macu-
lae when compared to Caucasians. The mean thick-
ness in the central Imm diameter area was found to
be 176.4+17.5um in Chinese, 181.2+18.4pm in Indi-
ans, 183.2+1,3um in Thai, 209.5 +26.7um in Japa-
nese, and 212 +20um in Caucasians (6, 8, 15). In our
study macular thickness is least at the fovea and in-
creases in the parafoveal area which is consistent
with the normal anatomic contour and confirms
the results of other authors (13,14). We found CFT
(241.8+21.01um) higher than that found in other pre-
vious studies (6,11). This difference in the measure-
ments is probably due to the lower mean age of ex-
amined subjects. The other reason could also be the
fact that different OCT instruments define the inner
retinal boundary as the internal limiting membrane
(ILM), but they differ in defining the outer retinal
boundary and this result in differences in measure-
ments (6). This fact must be kept in mind when inter-
preting the results and patients should be followed up
on the same machine if it's possible.

Our results for the mean RT, mean CFT and
their insignificant correlation with age were in con-
trast with the results by Ooto et al. (11), Koleva-Geor-
gieva et al. (7), Manassakorn et al. (8) and consistent
with the studies by Chan et al. (12), Grover et al. (10)
and Huang et al. (15) that failed to show a statistically
significant association between retinal thickness and
age. Our study showed that females had a thinner fo-
vea as compared to males like other similar studies
by Song et al. (16) and Massin et al. (17). The thinner
fovea in females could probably explain the higher
incidence of macular holes in them.

Our results for mean RNFL thickness were
higher than the results in similar previous studies
by Manassakorn et al. (8) and Budenz et al. (9). The
greater thickness could be explained with the fact
that RNFL thickness increases with increasing prox-
imity to the optic disc and the measurements were
made closer than 3.4-mm diameter around the disc
as with Topcon 3D-OCT 2000. Our results supports
the ISNT rule by Jonas et al. (18) for maximal RNFL
thickness in the inferior quadrant followed by supe-

rior, nasal and temporal quadrants and was consis-
tent with other studies (8). On the contrary, there is
a study which shows that the thickness of superior
quadrant is higher than the inferior (9). In our study
mean RNFL thickness showed significant negative
correlation with age in agreement with results by
Budenz et al. (9).

Our results did not show a significant correla-
tion between mean NFL thickness, mean thickness
of GCL+IPL and mean thickness of NFL+GCL+IPL
and age. In contrast, in the study by Ooto et al. (19)
the thicknesses of the RNFL, GCL, and IPL correlat-
ed negatively with age.

CONCLUSIONS

Knowledge of the macular thickness and reti-
nal nerve fiber layer thickness in a normal Bulgarian
population is important for the evaluation of patho-
logical changes. Our findings provide basic data to
facilitate macular and RNFL thickness analysis us-
ing 3D OCT- 2000. Our results indicate that age and
gender must be considered while interpreting macu-
lar retinal thickness data.
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